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5XL=KDR'DQLHO7*ODGZLQ;LDROLQ0RXDQG'DYLG$6WRQH 
'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ 
8QLYHUVLW\RI6KHIILHOG 
6KHIILHOG8QLWHG.LQJGRP 
U]KDR#VKHIILHOGDFXN
$EVWUDFW²:LWK WKH GHYHORSPHQW RI SRZHU HOHFWURQLF
FRQYHUWHUV VL]H UHGXFLQJ DQG UHOLDELOLW\ H[WHQGLQJ DUH
GHVLUHG )RU PRGHUQ FRQYHUWHU WKDW XWLOLVHV LQGXFWRUV RU
WUDQVIRUPHUVWKHGLPHQVLRQVRIPDJQHWLFFRPSRQHQWVDUH
FRPPRQO\LQYHUVHO\SURSRUWLRQDOWRLWVVZLWFKLQJIUHTXHQF\
:LWKWKHLQFUHDVHRIVZLWFKLQJIUHTXHQF\KLJKHUGYGWPD\
FDXVH PLVVWULJJHULQJ IDXOWV DQG XQVWDEOH WXUQRII 7KRVH
LVVXHVFDQEHUHOLHYHGE\DSSO\LQJDQHJDWLYHELDVWRFRQGXFW
WKH WXUQRII +RZHYHU D VHSDUDWH '&'& FRQYHUWHU LV
QRUPDOO\UHTXLUHGWRJHQHUDWHWKLVQHJDWLYHYROWDJH,QWKLV
SDSHUDQRYHOVHOIGULYHQQHJDWLYHELDVJHQHUDWRUIRUKLJK
VLGHVZLWFKLVLQWURGXFHG7KHQRYHOJDWHGULYHUFDQSURYLGH
ELSRODU JDWH GULYLQJ FDSDELOLW\ ZLWKRXW WKH QHHG IRU D
VHSDUDWHQHJDWLYHYROWDJHVXSSO\$SURWRW\SHFRQYHUWHUKDV
EHHQ EXLOW DQG YHULILHG WKDW WKH SURSRVHG ELSRODU JDWH
GULYHU FRXOG HIIHFWLYHO\ JHQHUDWHV WKH UHTXLUHG QHJDWLYH
YROWDJH IRU SRZHU VHPLFRQGXFWRU GULYLQJ ZLWKRXW XVLQJ D
FKDUJHSXPSRUVZLWFKLQJFRQYHUWHU 
.H\ZRUGV3RZHUFRQYHUWHU*DWHGULYHUQHJDWLYHELDV 
I. INTRODUCTION 
$ORQJZLWKWKHGHYHORSPHQWRIVHPLFRQGXFWRUWHFKQRORJ\WKH
ZLGHO\XVHG'&WR'&FRQYHUWHULVWUHQGLQJWRZDUGVLQFUHDVLQJ
LWV VZLWFKLQJ IUHTXHQF\ WRPHJDKHUW] OHYHO >DQG@8VLQJ
KLJKHU VZLWFKLQJ IUHTXHQF\ UHGXFHV WKH VL]H RI SDVVLYH
FRPSRQHQWV DQG WKHUHIRUH LQFUHDVHV WKH SRZHU GHQVLW\ >@
+RZHYHUVHYHUDOLVVXHVFDQEHIRXQGLQDSSOLFDWLRQVILWWHGZLWK
KLJKIUHTXHQF\ VZLWFKLQJ WHFKQRORJ\ 7KRVH LVVXHV LQFOXGH
EXWDUHQRWOLPLWHGWRKLJKVZLWFKLQJORVVHVG9GWFDXVHVPLVV
WULJJHULQJDQGLQHIILFLHQWRYHUGULYH>DQG@ 
)RUD026)(7EDVHGFRQYHUWHUWKHRSHUDWLRQRID026)(7
LVHVVHQWLDOO\FRQWUROOHGE\FKDUJLQJDQGGLVFKDUJLQJ LWVJDWH
SDUDVLWLFFDSDFLWRU>@,QDFRQYHQWLRQDOFRQYHUWHUDVSHUWKH
VFKHPDWLF VKRZQ LQ )LJ WKH WRWDO GULYLQJ ORVV FDQ EH
FDOFXODWHGXVLQJWKHIROORZLQJHTXDWLRQ ܲீ ௔௧௘ ൌ ௦݂ ൈ ஽ܸ௥௩ ൈ න ܫ஽௥௩ ݀ݐଵ௙ೞ଴ ൌ ௦݂ ൈ ஽ܸ௥௩ ൈ ܳீ௔௧௘ 
:KHUH ௦݂ LV WKH VZLWFKLQJ IUHTXHQF\ ஽ܸ௥௩ LV WKH GULYLQJYROWDJH ܫ஽௥௩ LV WKH LQVWDQWDQHRXVGULYLQJFXUUHQW ܳீ௔௧௘  LVWKHWRWDOJDWHFKDUJH  
)LJ&RQYHQWLRQDOJDWHGULYHFLUFXLWZLWKSDUDVLWLFFRPSRQHQWVRI026)(7 
,QRUGHUWRUHGXFHWKHGULYLQJORVVRUUHFRYHUHQHUJLHVIURP
WKHJDWHSDUDVLWLFFDSDFLWRUVHYHUDOUHVRQDQWJDWHGULYHUVKDYH
EHHQLQWURGXFHG>WR@,QEULHIWKHUHVRQDQWJDWHGULYLQJ
DSSURDFKXVHVDQ/&UHVRQDQWFLUFXLWWRFKDUJHDQGGLVFKDUJH
WKHJDWHSDUDVLWLFFDSDFLWRUZKLOH³&´LVWKHHTXLYDOHQWJDWH
FDSDFLWDQFH >@ 6RPH UHVHDUFKHV > @ XVH WKH OHDNDJH
LQGXFWDQFHRIDGULYLQJWUDQVIRUPHUEXWPRVWRIWKRVHFLUFXLWV
XVHDGLVFUHWHFRPSRQHQWIRUWKHLQGXFWRU>DQG@
7KLVFRXOGDYRLGVSRWHQWLDOPDQXIDFWXUHYDULDWLRQVKRZHYHU
FDXVHV DGGLWLRQDO FRPSOLFLWLHV 0RUHRYHU WR DYRLG DQ\
VLPXOWDQHRXV WXUQHGRQ RI ERWK KLJKVLGH DQG ORZVLGH
VZLWFKHV WKH WLPLQJ FRQWURO IRU WKRVH UHVRQDQW JDWH GULYHUV
FDQEHFKDOOHQJLQJGXHWRFRPSRQHQWWROHUDQFHV 
:LWK WKH WUHQG RI LQFUHDVLQJ WKH VZLWFKLQJ IUHTXHQF\ WKH
ULVLQJWLPHDQGIDOOLQJWLPHZKHQGULYLQJD026)(7LVDOVR
GHFUHDVHGZKLFKKDVWKHHIIHFWRILQFUHDVLQJWKHYROWDJHVOHZ
UDWHȀRQWKHVZLWFKQRGH>@$VVKRZQLQ)LJXVLQJ
WKH IXOOEULGJHFRQYHUWHU RQO\KDOIEULGJH LV VKRZQDVDQ
H[DPSOHDWWKHLQVWDQWZKHQ6LVWXUQHGRQWKHYROWDJHDW
WKHVZLWFKLQJQRGH6ZLOOEHLQFUHDVLQJZLWKDYHU\KLJKVOHZ
UDWH:LWKVXFKDELJYROWDJHFKDQJHRYHUWKHOLPLWHGWLPH
WKHKLJKG9GWDQGFRUUHVSRQGLQJFXUUHQWFKDQJHZLOOLQMHFW
DSXOVHGYROWDJH9SXOVH LQWRWKHJDWHSDUDVLWLFFDSDFLWRURI
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6 >@ ,Q WKH ZRUVW FDVH 9SXOVH EHFRPHV KLJK HQRXJK WR
H[FHHGWKHJDWHWKUHVKROG9JVRI6DQG6ZLOOEHWXUQHG
RQ ,Q WKH ODVW GHFDGH WKLV SUREOHP EHFDPH VLJQLILFDQWO\
LPSRUWDQWZLWK WKH LQWURGXFWLRQRI WKH+(;026)(7DQG
WKH/RJLF026)(7WKDWFDQEH WXUQHGRQE\D ORJLF OHYHO
YROWDJH 0RUHRYHU LQ VRPH RI WKH PRGHUQ UHVRQDQW JDWH
GULYHUGHVLJQV>DQG@WKHJDWHWHUPLQDOLVOHIWRSHQ
DIWHUEHHQWXUQHGRIIZKLFKVLJQLILFDQWO\LQFUHDVHVWKHULVN
RIEHLQJIDOVHO\WXUQHGRQ2WKHUGHVLJQVOLNH>@SURYLGHD
FXUUHQWSDWKE\XVLQJDVHSDUDWH026)(7EXWWKLVUHTXLUHV
SUHFLVHWLPLQJFRQWURO  
 
)LJ+DOIEULGJHRIDIXOOEULGJHFRQYHUWHUVKRZLQJLWVVZLWFKLQJQRGH6 
7R SUHYHQWV IDOVH WULJJHUV LQ SUDFWLFH D FLUFXLW PD\ XVH D
KLJKGULYLQJYROWDJH9'UYDQGXWLOLVH026)(7VZLWKKLJKHU
9JV +RZHYHU DOWKRXJK D KLJKHU 9'UY PD\ UHGXFH WKH RQ
VWDWH UHVLVWDQFH 5GV WKH JDWH GULYLQJ HIILFLHQF\ ZLOO EH
FRPSURPLVHGDFFRUGLQJWR>@ 
,QFRPSDULVRQXVLQJD026)(7ZLWKDORZ9JVWKHQLI9'UY
LVPLQLPLVHGWRHQVXUHDGHILQLWHWXUQRQKLJKHQRXJKWREH
IUHH IURP FRPSRQHQW WROHUDQFH DQG DQ\ SRWHQWLDO SDUDVLWLF
HOHPHQWVWKHQWKHWXUQRQSRZHUORVVZLOOEHPLQLPLVHG>@
7RSUHYHQWWKH026)(7IURPWKH IDOVHWULJJHULQJDVPDOO
QHJDWLYHYROWDJHVKRXOGEHDSSOLHGWRPDLQWDLQWKHRIIVWDWXV
RI WKH VHPLFRQGXFWRU +RZHYHU WR JHQHUDWH WKH UHTXLUHG
QHJDWLYHYROWDJHPD\EHFKDOOHQJLQJSDUWLFXODUO\LQDKLJK
IUHTXHQF\FRQYHUWHUZKHUHWKHQHJDWLYHELDVLQJFXUUHQWPD\
UHDFKVHYHUDOKXQGUHGVRIPLOOLDPSVQXPHULFDOO\ 
7RVXSSO\WKHUHTXLUHGQHJDWLYHYROWDJHDQDGGLWLRQDO'&
'&SRZHUVXSSO\RULVRODWHG'&'&SRZHUVXSSO\IRUDQ
LVRODWHG GULYHU LV FXVWRPDU\ DV VKRZQ LQ )LJ  7KHVH
DGGLWLRQDO SRZHU VXSSOLHV DUH XQGHVLUDEOH LQ WHUPV RI
IRRWSULQWDQGDGGLWLRQDOFRVWDQGVXIIHUIURPOLPLWHGOLIHWLPH
GXHWRXWLOLVLQJHOHFWURO\WLFFDSDFLWRUV  
 
)LJ7KHFRQYHQWLRQDODSSURDFKWRDFKLHYHELSRODUGULYLQJ 
)RUDZLGHO\XVHGQRQLVRODWHGEULGJHGULYHDERRVWGULYHULV
ZLGHO\XVHGWRJHQHUDWHWKHKLJKYROWDJHUHTXLUHGIRUKLJKVLGH
026)(7 GULYLQJ ZKLFK QRUPDOO\ FRQVLVWV RI D ERRVW GLRGH
DQG ERRVW FDSDFLWRU 7KH ERRVW FLUFXLW UHSODFHV WKH '&'&
VXSSO\ WKDW SURYLGHV WKH SRVLWLYH ELDV +RZHYHU LW LV VWLOO
UHTXLUHGWRKDYHDVHSDUDWHSRZHUVXSSO\WRSURYLGHDQHJDWLYH
ELDV  
II. BIPOLAR GATE DRIVING USING CONVENTIONAL 
GATE DRIVER 
7R DYRLG WKH UHTXLUHPHQW RI D VHSDUDWH '&'& VXSSO\ WKH
VFKHPDWLFRIWKHSURSRVHGQRYHOJDWHGULYHULVVKRZQLQ)LJ
&RPSDUHG ZLWK WKH FRQYHQWLRQDO ERRVWHG GULYHU RQO\ VHYHQ
FRPSRQHQWV&''5554DUHDGGHG 
 
)LJ6FKHPDWLFRIWKHSURSRVHGELSRODUJDWHGULYHU 
%DVHG RQ WKH VFKHPDWLF VKRZQ LQ )LJ  WKH RSHUDWLQJ
VHTXHQFHVDUHQRZGHVFULEHGZKHUHµ6[¶GHQRWHVWKHVHTXHQFH
QXPEHU  
6 EHIRUH 4 LV WXUQHGRQ DQG ZKLOVW 4 LV WXUQHGRQ & LV
FKDUJHGE\9&&WKURXJK'VRWKDWWKHHQHUJ\XVHGWRWXUQRQ
4LVVWRUHGLQ&7KHYROWDJHRQ&FDQEHDSSUR[LPDWHGDV
9&&±9)'ZKHUH9)'LVWKHIRUZDUGYROWDJHGURSRI'ZKHQ
WKHVZLWFKLQJSHULRGRIWKHIXOOEULGJHLVORZHUWKDQ7SJLYHQ
DV ௣ܶ ൌ  ?ሺ ஽ܴௌ ൅ ߂ܴ஽ௌ ൈ ܶሻ ൈ ܥଵ 
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 )LJ6LPSOLILHGVFKHPDWLFRIWKHSURSRVHGELSRODUJDWHGULYHUVWDJH 
6 ZKHQ 4 LV WXUQHGRQ DQG 4 LV WXUQHGRII & ZLOO EH
GLVFKDUJHG WKURXJK 4 DQG WKH HQHUJ\ VWRUHG LQ & ZLOO EH
DSSOLHGWRWKH*DWHWHUPLQDORI46LQFH&LVUHIHUHQFHGWRWKH
VLQN WHUPLQDO RI4 D YROWDJH HTXDO WR9&& ZLOO EH DSSOLHG
DFURVV WKHJDWH DQG VLQN WHUPLQDO RI44 LV WXUQHGRQ DQG
VLPLODUO\4 LV WXUQHGRQ6LQFHWKHYROWDJHXVHGWRGULYH4
DSSUR[LPDWHO\ 9B%XV9&& LV QRUPDOO\ KLJKHU WKDQ WKH
PD[LPXP9*6YROWDJHDYROWDJHGLYLGHUFRQVLVWLQJRI5DQG
5LVXVHGWRSURYLGHDGULYHYROWDJHIRU47KHUHVLVWDQFHRI
5DQG5FDQEHFDOFXODWHGE\XVLQJWKHIROORZLQJHTXDWLRQ
ZKHUH9WKLVWKHYROWDJHGHVLUHGIRUGULYH4 ܴଶ ൌ  ሺܸܥܥ ൅ ௕ܸ௨௦ െ ௧ܸ௛ሻ ൈ ܴଷ௧ܸ௛  
0HDQZKLOHZKHQ4DQG4DUHWXUQHGRQ9B%XVZLOOEH
DSSOLHGWRWKHVHULHVFRQQHFWHG&DQG5&ZLOOWKHUHIRUH
EHFKDUJHG:KLOVW&LVEHLQJFKDUJHG5OLPLWVWKHFXUUHQW
IORZWKURXJK4DQG&WRDYRLGDVXUJHFXUUHQWDQGSURWHFW
WKH=HQHUGLRGH7KHYROWDJHUDWLQJRI4VKRXOGEHKLJKHU
WKDQ9B%XV9'7KHYROWDJHDFURVV&LVVHWE\WKH=HQHU
GLRGH ' WKH YROWDJH DFURVV & ZLOO ULVH WR WKH UHYHUVH
EUHDNGRZQWKUHVKROGYROWDJHRI'WKH=HQHUGLRGHZLOOEH
EURNHQ GRZQ DQG & ZLOO VWRS FKDUJLQJ ZLWK D YROWDJH
DFURVVLWRI±9'  
 
)LJ6LPSOLILHGVFKHPDWLFRIWKHSURSRVHGELSRODUJDWHGULYHUVWDJH 
6 GHDGWLPH ZKLOH 4 LV WXUQHGRQ & ZLOO EH GLVFKDUJHG
WKURXJK46LQFH WKHSRVLWLYHVLGHRI& LVFRQQHFWHG WR WKH
VLQNWHUPLQDORI4DQHJDWLYHYROWDJHZLOOEHDSSOLHGWRWKH
*DWHWHUPLQDORI47KHJDWHFKDUJHRQ4LVWKHUHIRUHGHSOHWHG
WKURXJKWKHJDWHUHVLVWRUVDQG'$VWKHFDSDFLWDQFHRI&LV
PXFK KLJKHU WKDQ WKH JDWH FDSDFLWDQFH RI 4 WKH QHJDWLYH
YROWDJHLVPDLQWDLQHGRQWKHJDWHRI4WRHQVXUHDVROLGWXUQ
RII 
 
)LJ6LPSOLILHGVFKHPDWLFRIWKHSURSRVHGELSRODUJDWHGULYHUVWDJH 
6ZKHQ4UHPDLQVRIIDQG4LVWXUQHGRQ&ZLOOPDLQWDLQ
DQHJDWLYHYROWDJHRQWRWKHJDWHRI4DQG&ZLOOEHFKDUJHG
WKURXJK' 
 
)LJ6LPSOLILHGVFKHPDWLFRIWKHSURSRVHGELSRODUJDWHGULYHUVWDJH 
6GHDGWLPH4UHPDLQVRIIDQG4WXUQHGRII&PDLQWDLQV
D QHJDWLYH YROWDJH RQWR WKH JDWH RI 4 EXW & LV QRZ IXOO\
FKDUJHGDQGUHDG\WRWXUQ4RQ 
 )LJ6LPSOLILHGVFKHPDWLFRIWKHSURSRVHGELSRODUJDWHGULYHUVWDJH 
$VFDQEHVHHQIURPWKHVHTXHQFHRIRSHUDWLRQ&DFWVDVWKH
SRVLWLYHSRZHUVRXUFHDQG&DFWVDVWKHQHJDWLYHSRZHUVRXUFH
:KHQ&GLVFKDUJHVWRWXUQ4RQ&ZLOOEHFKDUJHG:KHUHDV
GXULQJ&GLVFKDUJHVWRWXUQ4RII&ZLOOEHFKDUJHG6LQFH
WKH SRZHU VRXUFH WKDW FKDUJHV & LV 9B%XV WKH DGGLWLRQDO
QHJDWLYH ELDV JHQHUDWRU ZLOO QRW FRQVXPH SRZHU IURP9&&
KHQFH WKH RXWSXW FDSDELOLW\ RI WKH SRZHU VXSSO\ SURYLGLQJ
9&& LV XQDIIHFWHG DQG WKH SRZHU GUDZQ IURP 9B%XV LV
QHJOLJLEOH 
III. SIMULATION 
%DVHGRQWKHFLUFXLWWRSRORJ\LQWURGXFHGLQWKHSUHYLRXVVHFWLRQ
D 63,&( PRGXOH KDV EHHQ EXLOW WR YHULI\ WKH GHVLJQ 7KH
VLPXODWLRQ VFKHPDWLF LV VKRZQ LQ )LJ  ,Q WKH VLPXODWLRQ
FLUFXLWWZRYROWDJHFRQWUROOHGVZLWFKHVDUHXVHGWRVLPXODWHD
FRQYHQWLRQDO JDWH GULYHU DQG SURYLGHV  GXW\ F\FOH GULYH
VLJQDO 7KH GHWDLOHG VFKHPDWLF LV VKRZLQJ LQ WKH IROORZLQJ
ILJXUH 
 
Fig.10.6LPXOLQNVFKHPDWLFRIWKHSURSRVHGJDWHGULYHFLUFXLW. 
 
)LJ6LPXODWHGZDYHIRUPVUHSUHVHQWVWKHFRQYHUWHU 
'XULQJ VLPXODWLRQ )LJ  FOHDUO\ VKRZV WKH HVWDEOLVKPHQW
SURJUHVVRIWKHGHVLUHGQHJDWLYHELDV$VFDQEHVHHQIURPWKH
ILJXUHMXVWDIWHUWKHILUVWF\FOHVRPHQHJDWLYHELDVFDQDOUHDG\
EH REVHUYHG IURP WKH JDWH GULYH VLJQDO 0HDQZKLOH E\
SURJUHVVLYHO\FKDUJLQJ&WKHFXUUHQWIORZWKURXJKWKH=HQHU
GLRGHLVLQFUHDVLQJXQWLODVWHDG\VWDWHSHDNFXUUHQWDVFDQEH
VHHQIURP)LJDVWKHJUHHQZDYHIRUP 
 
)LJ6LPXODWHGZDYHIRUPVVKRZLQJGLIIHUHQW=HQHUGLRGHFXUUHQWDW
5 2KPV8SSHUDQG2KPV/RZHU 
$VVKRZQLQ)LJFRUUHVSRQGHGWRDVPDOOHUFXUUHQWOLPLWLQJ
UHVLVWRU5PRUHFXUUHQWZLOOEHFDUULHGE\WKH=HQHUGLRGHDW
WKH HQG RI HDFK F\FOH DIWHU & EHHQ FKDUJHG WR WKH GHVLUHG
YROWDJH7KLVZLOOQRWRQO\DIIHFWWKHJDWHGULYLQJHIILFLHQF\EXW
DOVRFDXVHVRYHUKHDWLQJRIWKH=HQHUGLRGH 
IV. PROTOTYPE DESIGN 
$SURWRW\SHFRQYHUWHUKDVEHHQEXLOWWRHYDOXDWHWKHSURSRVHG
JDWHGULYLQJWRSRORJ\DVVLPXODWHGLQWKHSUHYLRXVVHFWLRQ7KH
SURWRW\SH LVGHVLJQHG WRGHOLYHUXS WR:RISRZHU WR WKH
ORDG 7KH SURWRW\SH FRQYHUWHU LV VKRZQ LQ )LJ  7KH
FRQYHUWHULVVSHFLILHGWREHSRZHUHGE\9'&SRZHU,WV
RQERDUGPLFURFRQWUROOHU GULYHV D SURSRVHGJDWH GULYHU
FRQVLVWLQJ RI ,5 FRQYHQWLRQDO JDWH GULYHU FKLS DQG WKH
DGGLWLRQDOFLUFXLWULHVVKRZQLQ)LJ7KHJDWHGULYHVLJQDOV
WKHQGULYHV026)(7WRSURYLGHG$&RXWSXWZLWKIUHTXHQFLHV
DWN+] 
 
)LJ3URWRW\SH:37WUDQVPLWWHUHPSOR\LQJZLUHOHVV3// 
7KHVFKHPDWLFRIWKHGULYHVHFWLRQLVGHWDLOHGLQ)LJ8VLQJ
WKH VLJQDOVSURYLGHGE\ WKH ,5SURSRVHGFLUFXLWFDQEH
HDVLO\LQWHJUDWHG 
 
)LJ3URWRW\SH:37WUDQVPLWWHUHPSOR\LQJZLUHOHVV3// 
V. TEST AND EVALUATION 
7KHSURWRW\SHFRQYHUWHUVKRZQLQ)LJKDVEHHQHYDOXDWHG
ZLWKD9SRZHUVRXUFH8VLQJWKHVFKHPDWLFVKRZQLQ)LJ
)LJVKRZVWKHYROWDJHDFURVV&GXULQJVWDUWXS$VFDQ
EH VHHQ IURP WKH ILJXUH WKH GHVLUHGQHJDWLYH YROWDJH FDQ EH
DFKLHYHG UDSLGO\ GHSHQGDQW RQ WKH GXW\ F\FOH RI 4 DQG
FRUUHVSRQGHG&DQG58VLQJWKLVYROWDJH)LJVKRZVWKH
JDWHGULYLQJYROWDJHDFURVV*DWH6RXUFHWHUPLQDORI4)LJ
FOHDUO\GHPRQVWUDWHVWKDWHYHQDIWHUVHYHUDOF\FOHVIURPVWDUW
XS VRPH QHJDWLYH YROWDJH KDV DSSHDUHG RQ WKH JDWH GULYLQJ
RXWSXW 
 
)LJ7KHYROWDJHPHDVXUHGDFURVV&GHPRQVWUDWLQJLWVFKDUJLQJSURJUHVV 
 
)LJ*DWHGULYLQJRXWSXW *UHHQDQG ORJLFDOJDWHGULYHVLJQDO <HOORZ
VKRZLQJWKHHVWDEOLVKPHQWRIELSRODUGULYLQJYROWDJH 
7KHPLQLPXPQHJDWLYHELDV DSSOLHG WR WKH026)(7ZLOO
GHSHQGRQWKHGXW\F\FOHRIKLJKVLGH026)(7ZKLFKDOVR
UHSUHVHQWVWKHGXW\F\FOHRI&7KH=HQHUGLRGH'FDQRQO\
OLPLWWKHPLQLPXPELDVLQJOHYHOZKHQGHVLJQHGGXW\F\FOH
LVDFKLHYHGVRWKDWVXIILFLHQWHQHUJ\LVVWRUHGLQWR&,IWKH
GXW\ F\FOH RI WKH FKDUJLQJ& LV ORZHU WKDQ WKH GHVLJQHG
YDOXHQHJDWLYHYROWDJHZLWKORZHUDPSOLWXGHZLOOEHDSSOLHG
7KHIROORZLQJ)LJVKRZVWKHGLIIHUHQWQHJDWLYHELDVLQJ
OHYHOVDWGLIIHUHQWGXW\F\FOHV 
 
)LJ*DWHGULYLQJRXWSXWVKRZLQJWKHELDVLQJOHYHOYHUVHGXW\F\FOH 
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VI. CONCLUSION 
7KLVSDSHUGHVFULEHGWKHGHVLJQDQGRSHUDWLRQRIDWHFKQLTXH
IRUJHQHUDWLQJDQHJDWLYHELDVIRU026)(7ELSRODUGULYLQJLQ
QRQLVRODWHG 026)(7 GULYLQJ DQG GHPRQVWUDWHG KRZ WKH
GHVLUHGQHJDWLYHYROWDJHFDQEHREWDLQHG7KHHYDOXDWLRQKDV
VKRZQ WKDW E\ XVLQJ WKH QHJDWLYH ELDV JHQHUDWRU QHJDWLYH
YROWDJH IRU 026)(7 JDWH GULYLQJ FDQ EH DFKLHYHG ZLWKRXW
XVLQJDFKDUJHSXPSDQGVZLWFKLQJUHJXODWRU8VLQJDSRZHU
FRQYHUWHU DV DQ H[DPSOH ZKLOH WKH GHVLUHG QHJDWLYH ELDV
JHQHUDWRU JXDUDQWHHG D VROLG WXUQRII XVLQJ 026)(7V ZLWK
ORZHU9JVDQGGULYLQJWKHPXVLQJDQRSWLPLVHGWXUQRQYROWDJH
FRXOG VLJQLILFDQWO\ UHGXFH WKH GULYLQJ ORVHV 6HYHUDO NH\
FRPSRQHQWVFDQEHFDOFXODWHGXVLQJHTXDWLRQVSURYLGHGLQWKLV
SDSHU)LQDOO\ WKH PHWKRGRORJ\ LQWURGXFHG LQ WKLV SDSHU FDQ
DOVREHXVHGLQRWKHUJDWHGULYLQJWRSRORJLHVDQGLVRODWLRQVWR
UHPRYH WKH QHHG IRU D SRZHU VRXUFH WKDW SURYLGHV QHJDWLYH
YROWDJH 
REFERENCE 
>@ ;;X$.KDPEDGNRQHHW DO³$0+]]HURYROWDJH
VZLWFKLQJ DV\PPHWULFDO KDOIEULGJH GFGF FRQYHUWHU
$QDO\VLVDQGGHVLJQ´,(((7UDQV3RZHU(OHFWURQYRO
QRSS±-DQ 
>@ $ 0$ERX$OIRWRXK HW DO ³$ 0+] KDUGVZLWFKHG
VLOLFRQ FDUELGH GFGF FRQYHUWHU´ ,((( 7UDQV 3RZHU
(OHFWURQYROQRSS±-XO 
>@ :(EHUOH HW DO$ FXUUHQW VRXUFHJDWH GULYHU DFKLHYLQJ
VZLWFKLQJ ORVV VDYLQJV DQG JDWH HQHUJ\ UHFRYHU\ DW 
0+]>-@,(((7UDQVDFWLRQVRQ3RZHU(OHFWURQLFV
 
>@ . <DR HW DO $ QRYHO UHVRQDQW JDWH GULYHU IRU KLJK
IUHTXHQF\ V\QFKURQRXV EXFN FRQYHUWHUV ,(((
7UDQVDFWLRQVRQ3RZHU(OHFWURQLFV 
>@ < &KHQ HW DO $ UHVRQDQW 026)(7 JDWH GULYHU ZLWK
HIILFLHQWHQHUJ\UHFRYHU\,(((7UDQVDFWLRQVRQ3RZHU
(OHFWURQLFV 
>@ :$7DELV]HWDO³=HURYROWDJHVZLWFKHGTXDVLUHVRQDQW
EXFNDQGIO\EDFNFRQYHUWHUV²([SHULPHQWDOUHVXOWVDW
0+]´LQ3URF,(((3(6&¶&RQISS± 
>@ ' 0DNVLPRYLF ³$ 026 JDWH GULYH ZLWK UHVRQDQW
WUDQVLWLRQV´ LQ 3URF ,((( 3(6&¶ &RQI  SS
± 
>@ +/1:LHJPDQ³$UHVRQDQWSXOVHJDWHGULYHIRUKLJK
IUHTXHQF\DSSOLFDWLRQV´LQ3URF,((($3(&¶&RQI
SS± 
>@ 6 + :HLQEHUJ ³$ QRYHO ORVVOHVV UHVRQDQW 026)(7
GULYHU´LQ3URF,(((3(6&¶&RQISS±
 
>@ %6-DFREVRQ³+LJKIUHTXHQF\UHVRQDQWJDWHGULYHUZLWK
SDUWLDOHQHUJ\UHFRYHU\´LQ3URF+)3&¶&RQI
SS± 
>@ %6-DFREVRQ³+LJKIUHTXHQF\UHVRQDQWJDWHGULYHIRUD
SRZHU026)(7´863DWHQW1RY 
>@ - 'LD] HW DO ³$ QHZ ORVVOHVV SRZHU 026)(7 GULYHU
EDVHG RQ VLPSOH '&'& FRQYHUWHUV´ LQ 3URF ,(((
3(6&¶&RQISS± 
>@ %-DFREVRQ³+LJKIUHTXHQF\UHVRQDQWJDWHGULYHUZLWK
SDUWLDOHQHUJ\UHFRYHU\´LQ3URF+LJK)UHT3RZHU&RQY
&RQISS± 
>@ <3DQRYDQG0-RYDQRYLF ³'HVLJQFRQVLGHUDWLRQV IRU
99 $ YROWDJH UHJXODWRU PRGXOHV´ LQ 3URF
$SSO3RZHU(OHFWURQ&RQISS±  
>@ ,'GH9ULHV ³$ UHVRQDQWSRZHU026)(7,*%7JDWH
GULYHU´LQ3URF$SSO3RZHU(OHFWURQ&RQISS
± 
